The growth of the global Internet is causing a dramatic change in both the kind of people who access the information and the types of information itself, which range from unstructured multimedia data to traditional record-oriented data. To cope with these new needs, the interaction techniques traditionally offered to DBMS users have to evolve and eventually integrate in a powerful interface to the global information infrastructure. In particular, from the user's point of view there is the need of both effective visualizations of multimedia information and retrieval tools able to overcome the existing dichotomy between browsing and querying. This paper concentrates on the mutual relationship between database querying and Internet navigation, by reviewing some important contributions from different areas, such as information retrieval, database research, and visualization techniques.
Introduction
At the beginning, information was only contained in the humans'memory, then it was saved in form of written material. More recently, it was stored in files. Such files have often been given a structure and organized into databases. Now, the global Internet is growing up and things are dramatically changing again. We are passing from a world in which the information management was in the hand of a few devotees to a widespread diffused information consumption. Along with the excitement, there is also the recognition of the undeferring need for effective and efficient tools for information consumers.
Different kinds of consumers can locate several types of information, ranging from unstructured documents and pictures to structured information residing in database management systems (DBMSs). Traditionally, the access mechanisms provided for the various types of information are very different, but need to be integrated into homogeneous systems in order to allow bunches of people to fully get hold of the Internet information treasure. The interaction mechanisms must be friendly and easy-to-use, since, given the enormous quantity of information sources available on the Internet, most of the users remain permanent novices with respect to each one of the sources they have access to 1 . This leads to both new theories and adaptation of previously known concepts to the rising situation. As for the former, the information foraging theory presented by Pirolli and Card [27] is worth mentioning. Information foraging refers to activities associated with assessing, seeking, and handling information sources, in analogy with the optimal foraging theory found in biology and anthropology. As animals adapt their behavior and their structure through evolution in order to survive to the changes of the environment, so humans adapt for gaining and making sense out of information. Optimality models developed for studying the animals behavior can be extended to model the information foragers in order to provide them with better interfaces and data distribution strategies.
Information retrieval, hypermedia, database research, and visualization techniques also give important hints. Information retrieval techniques are usually based on following links among documents (or parts of) in order to locate the information of interest for the user [12] . Recently, such techniques have been extended to database access [11] especially through the World Wide Web [29, 25, 19] . Hypermedia systems follow a similar approach in order to produce complex, richly interconnected, and cross-referenced bodies of multimedia information [34] , which is definitely the kind of information of interest for the information consumer. Multimedia data are rich and unstructured, so easy to grasp and digest for humans. Unfortunately, these characteristics make them difficult to be managed by computers. Thus, one open question is how to place a structure over them in a such a way that it does not overly intrude upon the process of comprehending the information. Furthermore, in hypermedia systems the user has the duty of locating the information of interest. In doing this, s/he needs to browse multiple sources, which could be complex and disorganized, in a labyrinth of billion of links, often resulting in both user's disorientation and cognitive overhead.
The disorientation problem does not exist in the global information approach proposed by the database community [26, 36] . Here, the idea is to structure the Internet information sources in a sort of multidatabase. The user has simply to specify what s/he wants through a query language (which could be either SQL or a more friendly one), and the system should be able to determine where the information of interest resides. This is difficult to achieve even in conventional multidatabase systems, but it becomes really hard when dealing with the huge number of autonomous and heterogeneous information sources of the Internet. For instance, there is the need of a global agreement on access protocols, procedures, and exported data schemata.
Finally, several visual mechanisms have been adopted in so-called visual query systems [7] . Visual representations of data schemata and instances, as well as direct manipulation query mechanisms and browsing facilities, did make the interaction with traditional databases simpler and more accessible to people without a specific preparation. Thus, they can be profitably used also in moving along the information highways. It is also worth recalling the importance of using powerful user models in facilitating the seeking of information online.
In the rest of this paper we explore some crucial issues related to database interaction in the global information infrastructure. In Section 2, we recall the visual approach to database interfaces. In Section 3, hypertext-based database interaction is presented. Section 4 deals with the global information system. Finally, some conclusions are reported in Section 5.
Visual Database Interaction
The problem of easily extracting information from databases has been discussed extensively in the research community. Several query modalities representing alternatives to traditional query languages such as SQL, have been proposed. Most of them are based on the use of visual representations and direct manipulation interaction mechanisms (see [7] ) for a survey of visual query languages, VQLs, and [31] for the definition of direct manipulation). Systems implementing VQLs are called Visual Query Systems (VQSs). They take advantage of the well-known high bandwidth of the human-vision channel, allowing both recognition and handling of large quantities of information as well as the possibility of using visual feedback to improve the human-computer dialogue. VQSs provide both a language to express the queries in a visual format and a variety of functionalities to facilitate user-system interaction. As such, they are oriented towards a wide spectrum of users, especially novices who have limited computer expertise and generally ignore the inner structure of the accessed database.
In recent years, many VQSs have been proposed in the literature (see, e.g., [6, 8, 13] ), which adopt a range of different visual representations and interaction strategies. Visual representations are effective for expressing different kinds of knowledge. In particular, one of the main advantages relies on their capacity to allow perceptual inferences, replacing arduous cognitive comparisons and computations. The most used visual representations are forms, diagrams, and icons. Each of these presents peculiar features. For instance, forms easily represent common properties of collections of objects, diagrams effectively display relationships among objects, and icons supply immediately graspable representations of object classes. Some VQSs adopting 3D diagrams have recently been proposed [4, 28] . These systems are based on the idea that the introduction of a third dimension can increase the representational power, as shown in the precursor work on general interactive 3D environments developed at Xerox [30] . Actually, the third dimension, together with a suitable layering of the nodes, can be effectively used in visualizing the links of complex networks, such as the WWW [24] . Figure 1 , from [24] , shows as traditional overview diagrams are useless for real-world networks. VQSs offer to the user a wide range of strategies for retrieving, usually through a twophase interaction, the desired data. First, the user has to understand the database information content and select the portion of interest. The goal of this activity is the precise definition of the fragment of schema involved in the query, since the schema is generally much richer than the subset of concepts which are useful for the query formulation. Then, s/he formulates the query. Both these phases are accomplished through direct manipulation actions, such as clicking and pointing of objects, navigation along schema paths, object compositions, etc. For example, a quite recent and interesting technique is based on the concept of "dynamic query" [1] . It allows a search conditioned by a given range on multi-key data sets to be performed. The query is formulated through direct manipulation of graphical widgets, such as buttons, sliders, and scrollable lists, with one widget being used for every key. The user can either indicate a range of numerical values (with a range slider), or a sequence of names alphabetically ordered (with an alpha slider). Higher usability is ensured if the query results fit on a single screen and are displayed quickly, i.e. within a second. Moreover, input and output data are of the same type and may even coincide. Given a query, a new query is easily formulated by moving the position of a slider with a mouse. However, the queries are generally limited to conjunctions of global ranges of parameter values. In order to overcome such a limitation, in [16] , this technique has been extended by encoding each operand of the query as a so-called Magic Lens filter. Compound queries can be constructed by overlapping lenses, which in turn contain sliders and sets of buttons to control the values of the filter function and to define the composition operators. The features of this approach let the user to "fly through" the database, so it could fit very well with the dynamic nature of the Internet navigation. For instance, Figure 2 Many systems also offer several sophisticated browsing mechanisms, which are fundamentals in seeking the information online. Browsing is essentially a viewing technique aimed at gaining knowledge about the database. In principle, it can handle both schemas and instances in a homogeneous way without any distinction [14] . The main hypothesis is that the user has only a minor knowledge about the database and the interaction techniques. Within this hypothesis, the user starts the interaction by examining a concept and its neighborhood (adjacent concepts can be considered as a first level of explanation of the examined concept); then, a new element is selected by the user from neighboring concepts to be the current one, and its neighborhood is also shown: this activity proceeds iteratively. Thus, an incremental enhancement of the user's knowledge is obtained by exploring logically adjacent concepts.
Surfing the Information Ocean
Information has traditionally been structured into databases, managed by Database Management Systems, and retrieved by issuing queries in some ad-hoc languages. On the contrary, information residing on the Internet is retrieved by following hypertext links. In order to join such different environments, a first approach (already yelding commercial products) has been to design software tools permitting the integration of relational databases into the World Wide Web. The main idea of such tools is to allow the users to query the database through forms which are automatically created on the fly by the tool itself (e.g. [29, 25, 19] ). The tool then assembles the form inputs into a SQL query that a DBMS can process. In [29] the chance to convert data from the database into hypertext links is also offered, so making it possible to navigate both inside the database and towards other documents on the Web. The idea of building a network of links over an existing database is further deepened in the HIFI Project [11] , by proposing navigational interfaces that present data of external databases as hypermedia networks of nodes and links. Nodes display simple or structured values stored in the database, while links represent relationships among data. To access the database information through the interface, the user can browse across the network possibly intermixing querying and navigation. At the interface level, data are organized into visual segments, containing information related with a single node of the interface.
Visual segments are independent of the actual data organization, and several of them can be associated with the same data, each one describing a different way to look at a chunk of information. A visual segment can be seen as a frame containing several component slots, which correspond to data logically residing on different relational tables. For instance, Figure 3 shows the visual segment Personal-Data containing the personal data which are pertinent to the class Customer in a bank application, such as sex, phone number, house code, type of job, id number, etc. The central window contains the slots composing the visual segments, each one associated with one of the above data items, e.g. sex, phone number, etc. The left "perspective" buttons allow one to move across other visual segments, which show different perspectives of the same chunk of information, i.e. they contain other data items related with customers of a bank, such as the bank code, the account number, the balance, etc. The bottom buttons represent structural and applicative links, i.e. links to visual segments describing other objects of the application, such as bank services, bank employees, etc. All these links are part of the network that is superimposed to the actual application databases. Some recent proposals also concentrate on object-oriented databases (e.g. [33, 35] ). For instance, Database Browser [35] allows the user to browse and query object-oriented databases through a composite interface. Such an interface offers functionalities for visualizing both the schema and the instances of the database, and for querying it through automatically defined forms. The link between Web structures and databases is realized through a CGI script that communicates with an intermediate data server connected to the database application (see Figure 4 ). The main problem in using such hypertext interfaces is again the need to know where the data are located. Although some graphical tools are provided to help navigating [15, 24] , they are limited both in capabilities and in the size of the network they can effectively display. A different approach was proposed in [20] . Here the WWW is viewed as a graph, where each URL constitutes a node, and there is a link between two nodes a and b if a contains at least one anchor that points to b. The user is allowed to specify conditions on the query pattern, the searched indexes, and keywords, by using a SQL-like syntax. The system returns as query answer a table containing the URLs of both the nodes and the links that satisfy the query, organized into rows.
The Global Information System
The problem of user disorientation does not exist at all in the global information system proposed by Ordille and Miller [26] . The idea is to join features traditionally offered by distributed name services and multidatabase system capabilities in order to structure the enormous amount of information residing on the Internet. The user is supposed to ask global queries through any query language (e.g. a VQL), and the system should locate the servers able to answer the query. Obviously, enormous problems of scaling, autonomy, and availability arise. Thus, new techniques are needed from both the transaction side, e.g. query processing parallelism, caching, latency, and the data side, e.g. global knowledge management, semantic agents, information filtering. Some preliminary solutions are proposed in [36] . Bouguettaya et al. [3] present the dynamic construction of inter-database node relationships, in order to make interoperable databases which are component of a global network.
In [22] the user is made able to access through a uniform interface the global information system, which is presented via a conceptually unified view. In doing this s/he is unaware of which information sources exist and the details associated with interacting with each source. In order to efficiently answer queries, the query processor uses descriptions that relate the contents of the site relations with the world-view. While this approach seems to be effective in medium-large size cooperative information systems (see also [10] ), it is arguable whether it is directly applicable on the Internet. Other proposals rely on using intelligent agents, which are able to find information on the network (e.g., [18] ). The use of agents hides the varied internal structures of each processing unit from the rest of the system. The problem is to design a common language and ontology the agents use to communicate with each other about the diverse range of information and capabilities they may have access to. In addition, there is the timing issue, i.e. the agents should be able of responding in real time to incoming messages. The solution proposed in [18] is to use a particular kind of commitment which comprises both a description of some present or desired state of the shared worlds of the agents, and a normative for the behavior of the agents to commit.
So far, we discussed about querying the global information structure. It is worth noting that the problem of supporting global updating capabilities is even more complex, if reasonable at all.
Conclusions
Databases will play a central role in managing the terrific growth of information availability due to the Internet. However, this will require further developments in the integration of browsing, access, and retrieval of both structured and unstructured data and information, as well as a re-thinking of many present techniques, including those on distributed and multidatabase systems. This is also due to the unstructured and informal nature of the multimedia information available on the Internet, as opposed to the controlled development of distributed database systems. The information consumers urge both effective visualizations (in 2D and 3D) and retrieval tools able to overcome the existing dichotomy between browsing and querying [9, 17] . In particular, disorientation problems and cognitive overhead that are intrinsically related with the browsing activity, should be solved [24, 21] . As for querying, further problems come from the need to deal with imprecise and vague queries.
Finally, a fundamental challenge of effective Internet interfaces is flexibility of offering the most adequate visualizations and interaction styles to suit the different users' preferences [23] . In other words, the interface should not be a monolithical package, instead it should dynamically change and adapt depending on the disparate needs of the various users. We are currently extending our multiparadigmatic interface [5] in order to use it for database access through Internet navigation. In particular, we are exploiting both its capability to switch among different interaction styles and visualization modes depending on the user's preferences, and its user model module. Such a user model includes a component representing the knowledge the user has of the system, i.e., the knowledge of the part of the global network s/he has already accessed, as well as the structured description of its information content. Thus, once the user issues a new query, the system could suggest her/him the view of the network most appropriate to satisfy her/his expectations, reducing both the user's search time and the system processing time.
